Background: An External Quality Assessment (EQA) program was developed to investigate the state of the art of HER2 immunohistochemical determination in breast cancer (BC) in 16 Pathology Departments in the Lazio Region (Italy). This program was implemented through two specific steps to evaluate HER2 staining (step 1) and interpretation (step 2) reproducibility among participants. Methods: The management activities of this EQA program were assigned to the Coordinating Center (CC), the Revising Centers (RCs) and the Participating Centers (PCs). In step 1, 4 BC sections, selected by RCs, were stained by each PC using their own procedures. In step 2, each PC interpreted HER2 score in 10 BC sections stained by the CC. The concordance pattern was evaluated by using the kappa category-specific statistic and/or the weighted kappa statistic with the corresponding 95% Jackknife confidence interval. Results: In step 1, a substantial/almost perfect agreement was reached between the PCs for scores 0 and 3+ whereas a moderate and fair agreement was observed for scores 1+ and 2+, respectively. In step 2, a fully satisfactory agreement was observed for 6 out of the 16 PCs and a quite satisfactory agreement was obtained for the remaining 10 PCs.
Background
HER2 is one of the most important therapeutic targets in breast cancer (BC). Trastuzumab, the humanized anti-HER2 monoclonal antibody (MoAb) , that specifically binds the extracellular domain of the protein, is a drug that, in combination with different chemotherapy regimens, has sensibly modified the survival of patients with HER2 positive BC. In addition, the introduction of other novel anti HER2 treatments [1] such as lapatinib [2] , pertuzumab [3] and T-DM1 [4] , just shows how increasingly important it is to correctly identify BC patients who may benefit from these target therapies. Therefore, it is the pathologist's responsibility to assure accurate HER2 determination and reliable results in BC and beyond BC [5, 6] . Along with the different methods used in routine clinical practice, the most common, extensively validated by international guidelines [7] , are immunohistochemistry (IHC) and fluorescent (FISH) or chromogenic (CISH/ SISH) in situ-hybridization. For most of the prospective randomized adjuvant trials of trastuzumab, testing algorithms for HER2 mainly consisted in initial IHC followed by ISH for equivocal score 2+ [8] . Despite the fact that trastuzumab is considered the drug for excellence in HER2 positive metastatic [9, 10] , locally advanced and early BC [8] , diagnostic approaches to assess the HER2 status are often vital and the need to solve many controversial issues in oncogene testing still pose a challenge [11, 12] . The reliability of the IHC assay is affected by several sources of variability which depends on a considerable number of factors, both analytical, pre-analytical and interpretative that may influence the final results. The latest guidelines drafted by the American Society of Clinical Oncology and the College of American Pathologists highlighted that up to now 15% to 20% [7] of current HER2 testing are inaccurate thus, significantly affecting therapeutic decision making. In the U.S.A. [13] and Great Britain [14, 15] , the UK National External Quality Assessment Scheme (NEQAS) defined the minimum quality criteria to which the pathologist has to adhere to guarantee a valid process of specific biomarker determinations, both for prognostic and predictive markers. Within these criteria, it is foreseen to participate in external quality control assessment (EQA) programs. In the last ten years, the Italian Network for Quality Assessment of Tumor biomarkers (INQAT) promoted and implemented several EQA studies [16] . INQAT activities, relating to the evaluation of the performance level of participant laboratories in IHC determination of HER2 in BC, initially focused its attention on evaluating the analytical phase (interpretation) of the biomarker [17] , then gradually extended into the pre-analytical phase (tissue staining) [18] . In this context, we decided to conduct a two-step EQA study involving 16 pathology laboratories in the Lazio Region in Italy in order to evaluate their performance related to both the staining (step1) and the interpretation (step2) of IHC HER2 assay. The overall purpose of the study is to provide shared solutions to the common problems that may routinely occur during the biomarker determination process. The present paper reports the results of this regional EQA program. 
Methods

Study design
The management activities of this EQA program were assigned to different working units: the Coordinating Center (CC), the Revising Centers (RCs) and the Participating Centers (PCs). The CC, that coordinated the logistical and practical aspects of the EQA, collected a series of HER2 positive and negative BC cases from its own archive. A group of three reviewers (RCs), chosen based on their expertise in terms of the high number of HER2 tests per year, together with a pathologist of the CC, contributed in selecting the BC slides to be included in the EQA and in defining the HER2 IHC score to be used as reference value. In a detailed protocol, written before the start of the program, the aim of the study, the study design, the criteria for the selection of the cases, the HER2 evaluation procedure according to the ASCO-CAP guidelines [7] and the statistical analysis strategy were described. All 16 pathology laboratories that agreed to participate in the study accepted the protocol and filled out a questionnaire before the start of the study in order to gather information regarding their routine methods in the HER2 determination.
The primary aim of this EQA consisted in evaluating the performance of each participant in relation to the whole process of HER2 determination. For this purpose, the EQA program was implemented via two specific steps: EQA HER2 immunostaining and EQA HER2 interpretation.
In the EQA HER2 immunostaining step, 64 BC cases were selected and each PC received 4 different BC sections. The PCs stained the slides by adopting their own procedures that were previously reported in the questionnaire and then sent them back to the CC ( Figure 1A ). The interpretation of all the 64 slides was performed by the group of RCs. For the EQA HER2 interpretation step, the 16 PCs were randomly divided into three groups. A set of 10 slides, for a total of 30 different BC cases, rotated among the participants belonging to each group ( Figure 1B) . Each set was generated in such a way as to fully cover the range of HER2 values usually observed in routine practice in order to include an adequate number of slides with intermediate scores (1+; 2+). Three out of the 16 score 2+ (19%) BC resulted amplified by SISH test. Each participant interpreted the HER2 IHC score according to the ASCO-CAP guidelines [7] .
The study was reviewed and approved by the Ethics Committee of the Regina Elena National Cancer Institute and a signed informed consent was obtained from all patients.
Statistics
In the EQA HER2 immunostaining step, the performance of each laboratory was evaluated by comparing the reviewer's interpretation of the slides stained by each laboratory according to the reference values. In addition, in order to evaluate the contribution of each scoring category to the overall agreement (i.e. the agreement between the score given by the reviewers on the slides stained by each laboratory in accordance with the reference values) the kappa category-specific (k cs ) statistic [19] , and its 95% confidence interval obtained by means of the Jackknife method [20] , were calculated as previously described [21, 22] . To this end, the slides stained by all the participants were jointly considered. Each k cs value was interpreted in a qualitative manner based on the Landis and Koch classification criteria [23] .
In the EQA HER2 interpretation step, the level of agreement of each laboratory according to the reference values was evaluated by computing the weighted kappa statistic (k w ) and its 95% Jackknife confidence interval as previously described. In line with our previous experience with EQA programs, the agreement was considered fully satisfactory only when the lower limit of the 95% Jackknife confidence interval was equal to or greater than 0.80. For each participant the k cs statistic and its 95% Jackknife confidence interval were also computed. Statistical analyses were performed with the SAS software (Version 9.2.; SAS Institute Inc., Cary, NC).
Results
Questionnaire
The results of the questionnaire are reported in Table 1 . Frequency distribution of the responses indicates moderate methodological heterogeneity between the 16 laboratories. All the PCs used paraffin embedded tissue and the DAB chromogen in their routine. Most PCs adopted buffered formalin during fixation. Twenty-four hours was the modal fixation time and also the modal time elapsing between cutting to IHC. For more than two thirds of participants, the slides were stored at room temperature. Only 5 PCs used the manual immunostaining procedure. The polyclonal antibody A0485 purchased by Dako was the most commonly used reagent. The majority of PCs used a heat retrieval in an automated immunostainer. Only one participant used an image analyzer for evaluating the sample in addition to the optical microscope in their routine. For about two thirds of the participants the criteria used to evaluate the samples considered the percentage of positive cells. Furthermore, the different number of samples assayed per year reflects the different level of experience among the PCs.
EQA HER2 immunostaining
In regards to EQA HER2 immunostaining, Table 2 shows the frequency of misclassifications observed in relation to the reference score in the 64 cases studied. For 5 PCs all the slides were correctly immunostained. Six PCs provided 3 out of 4 slides in accordance with the reference value. For the remaining 5 PCs the correspondence between their score and reference value was found for 2 out of 4 slides.
All the PCs gave a correct immunostaining concerning score 0. Six immunostained slides did not correspond to the reference score 1+: among these, five slides were given a score of 0 and one a 2+ score. Concerning score 2+, six slides were not immunostained correctly and all of them were given a score of 1+. Finally, concerning score 3+, four slides were not immunostained properly and all of them were given a score of 2+. Due to a problem of logistics not all the participants received one slide per HER2 score. Table 3 reports the kappa category-specific statistic values (k cs ) and the relative 95% Jackknife confidence interval to indicate how each scoring category contributed to the agreement overall. As expected, the categories with a lower level of reproducibility are the two intermediate ones (score 1+ and score 2+). In particular, when we used the Landis-Kock classification criteria as a measure of agreement, the score of 1+ versus the reference score was "moderate" (with a value between 0.41 to 0.60), while for the score 2+ the agreement was "fair" (with a value between 0.21 to 0.40). In the other two categories, score 0 and 3+, the agreement was substantial /almost perfect (greater than 0.80). Table 4 summarizes the results obtained from the EQA HER2 interpretation step. Only two PCs provided scores equal to reference ones for all the 10 slides. Four PCs provided one discordant value out of 10, misclassifying the reference value score 1+ in three cases and score 2+ in one case. It is worthy to note, that no score 3+ was misclassified and only 1 score 0 was interpreted as score 1+. Conversely, we observed 12 and 14 misclassifications in score 1+ and 2+, respectively. Table 5 shows the k w values and the relative lower limit of the 95% confidence interval obtained by comparing the scores provided by PCs with the reference values. Overall, by considering the point-estimate values of the k w statistic a satisfactory agreement was reached between the reference score and the one provided by the evaluation of each PC. However, by taking into account the lower limits of the 95% confidence interval of the k w statistic, only 6 PCs reach a fully satisfactory agreement. Table 6 reports the distribution of the k cs statistics (and relative 95% confidence interval) obtained by comparing N°of misclassified slides/N°of received slides.^Brackets report the score provided by PCs. 
EQA HER2 interpretation
Discussion
During these years it has become increasingly important to constantly verify, through national and international quality control studies, the performance of pathology laboratories in biomarker determinations, especially the ones that aim to identify those patients eligible for treatment with targeted therapies. An accurate and reproducible detection of HER2 protein overexpression and/or gene amplification plays a key role in determining the future course of BC treatment, especially in the light of recent data which have demonstrated promising clinical efficacy of novel biological agents, such as the anti-HER2 MoAbs Pertuzumab and TDM1 [3, 4] . However, the accuracy and interlaboratory reproducibility of HER2-status assessment is still a worldwide concern [16] [17] [18] . It is significantly crucial to define and follow fundamental steps in the conduction of quality control studies in order to minimize the potential bias in reproducing the two intermediate classes, namely 1+ and 2+ scores.
Our two-step EQA study was carried out in a community clinical practice setting on regional scale which allowed to evaluate the whole process of IHC HER2 determination. This program was not designed to be formative, but its informative nature gave an important overview of the state of the art of HER2 determination in the Lazio region.
This EQA program stresses the need of rigorous quality-control procedures for preparing and analysing breast tumors specimens. It also provided interesting results that confirm those of previous quality control programs of HER2 testing [24] . In particular, the observed agreement showed a good level of standardization of HER2 determination procedures within each laboratory for scores of 0 and 3+ (both for the immunostaining and the interpretation phases) but revealed a low degree of reproducibility of the two intermediate scoring classes (1+ and 2+).
Among the 6 misclassifications observed in relation to reference score 1+, one was 2+ which erroneously identified a potentially eligible patient for trastuzumab therapy. Six out of 11 cases with score 2+ were misclassified as 1+ excluding potentially eligible patients from the correct therapy regimen. Conversely, the 4 score 3+ cases, classified as 2+, would probably lead the pathologist to look for HER2 gene amplification.
The latter results represent what routinely happens in pathology laboratories and may explain why a few breast cancer cases classified positive for HER2 do not really respond to anti-HER2 therapy. Another important issue, as recently reported [25] , is the modulation of HER2 status between primary and metastatic tumors. This discordance may be imputable to technical limitations in HER2 testing which may not be simply due to the increasing level of genetic instability occurring throughout disease progression. Several aspects related to both preanalytical and analytical phase, may have led to not achieving completely satisfactory results due to differences in tissue fixation times, reagents and immunohistochemistry protocols. Discordant results mostly occur in borderline positive samples, emphasizing the level of subjectivity in HER2 evaluation in reproducing the intermediate scoring categories. These data are in line with other literature on EQA studies [24, 26] and support the conclusion that the definition of shared procedures may overcome these limitations by providing more consistent and reproducible diagnostic results.
Conclusions
In summary, the results of our EQA program showed that diagnostic approaches in assessing the HER2 status are often essential. In fact, we observed a good level of standardization of HER2 determination procedures within each laboratory for scores 0 and 3+. Conversely, a low degree of reproducibility for score 1+ and 2+ was found. In this context, it is obvious that there is a need to solve these controversial issues in oncogene testing through implementing EQA programs.
We strongly believe that EQA programs, focused on the whole process of HER2 testing performed on a regional scale, should be promoted on a national scale. Participation in these programs may provide a tool for improving the performance level even in experienced laboratories.
